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1  Introduction







ate	 zones	 they	 have	 provided	 reliable	 information	 about	
paleoenvironmental	 change,	 particularly	 for	 the	 last	 gla-









sic	 paleosols	 remains	 incomplete.	 In	 particular,	 in	Upper	
Austria,	where	over	a	century	of	research	on	Pleistocene	





situated	on	 the	 top	of	 a	Mindel	fluvioglacial	 terrace.	The	
Austrian	 stratigraphic	 table	 classifies	 the	 classical	 Min-
del	 glacial	 as	belonging	 to	 the	MIS	 12	 (Österreichische	
Stratigraphische	Kommission	 2004).	Van	Husen	 (2000)	
and	Van	Husen	&	Reitner	(2011)	correlate	Mindel	glacial	
sediments	 in	 the	 Eastern	 Alpine	 Foreland	 with	 the	 MIS	
12,	while	the	Rissian	deposits	are	associated	to	the	MIS	6.	
On	 the	basis	of	pedostratigraphical	 analyses	 in	 the	Linz/
Wels	 area,	 Terhorst	 (2007;	 2013,	 this	 volume)	 and	 Ter-
horst	 et	 al.	 (2011)	 propose	 a	 similar	 correlation	 for	 the	
loess/paleosol	 sequence	of	Oberlaab,	which	 includes	 four	
interglacial	paleosols	located	on	top	of	the	Mindel	terrace.	
These	 paleosols	 are	 linked	 to	MIS	 11,	 9,	 7	 and	 5,	 respec-






controlled	 by	 unstable	 glacial	 periods	 (causing	 phases	 of	
erosion	and	sedimentation),	which	alternated	with	stable	
interglacial	periods	and	soil	formation.	Using	the	concept	
of	 “soil	 memory”	 (in	 the	 sense	 of	 Targulian	 &	 Gory-
achkin	2004)	 the	resulting	paleosols	contain	 information	
about	environmental	conditions	of	the	interglacials.
In	Oberlaab,	we	 conducted	 a	 paleopedological	 survey,	







nied	 by	 a	 set	 of	 quantitative	 pedogenetic	 characteristics:	
morphometric	 analysis	 of	 diagnostic	 pedofeatures,	 grain	
size	 distribution,	magnetic	 parameters	 (magnetic	 suscep-










2  Materials and methods




recognized	 four	 interglacial	 paleosols.	The	 loess/paleosol	
sequence	of	Oberlaab	was	developed	on	a	Mindel	terrace	
(Younger	Deckenschotter).	The	basement	of	 the	 sequence	
is	 formed	by	gravels,	 exposed	previously	 in	 a	 cut	opera-










2.1  Micromorphology 
For	micromorphological	studies	we	took	undisturbed	sam-
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Fig. 1: Oberlaab loess/paleosol sequence on top of a Mindel terrace (Young Deckenschoter), which includes four interglacial paleosols and the modern soil.
Abb. 1: Stratigraphie der Löss-Paläoboden-Sequenz Oberlaab, sowie ein allgemeiner Überblick über alle vier Paläoböden und den rezenten Boden.
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ering	status	basing	on	the	crystallooptical	properties	under	
magnification	with	a	petrographic	microscope.
2.2  Laboratory analyses
Size	fractions	were	separated	in	OL1,	OL2,	OL4	and	OL5.	
OL3	 was	 not	 evaluated	 due	 to	 the	 lack	 of	 samples.	The	
sand	fraction	(2–0.063	mm)	was	separated	by	sieving;	silt	
(0.063–0.002	mm)	and	clay	(<0.002	mm)	fractions	by	grav-
ity	 sedimentation	with	previous	 destruction	of	 aggregat-
ing	 agents;	H2O2	 (15%)	was	 used	 for	 organic	matter,	 and	
dithionite-citrate-bicarbonate	 (DCB)	 for	 iron	 oxides.	 As	
the	 deposits	 had	 no	 carbonates,	 no	 additional	 pre-treat-
ments	were	necessary	for	their	destruction.	
For	 magnetic	 measurements,	 200	 g	 samples	 were	 col-
lected	at	roughly	20	cm	intervals,	homogenized,	and	placed	
in	8	cm3	acrylic	boxes.	Magnetic	susceptibility	 (χ),	which	
is	 a	measure	 of	 the	 concentration	 of	magnetic	minerals,	
was	 registered	 in	 all	 samples	 at	 low	 (0.47	 kHz)	 and	high	
frequencies	 (4.7	 kHz)	 with	 a	 Bartington	MS2B	 dual	 sen-
sor.	We	 calculated	 frequency	 dependence	 of	 susceptibil-
ity	χfd%	as	[(χlf–χhf)/χlf]100,	to	approximate	possible	ul-
trafine	 (<	 0.05	 μm)	 superparamagnetic	 (SP)	 contribution.	
Dearing	 (1994)	 and	 Dearing	 et	 al.	 (1997)	 suggest	 that	
values	of	cfd%	<	2%	point	to	a	content	of	<10%	of	SP	(su-
perparamagnetic)	 grains;	 values	 around	 8%	 indicate	 a	 SP	
contribution	of	75%,	and	between	10–14%,	 the	material	 is	
domain	by	SP	particles.






in	 silica,	we	decide	 to	evaluate	 the	degree	of	weathering	
using	 the	 chemical	 index	 of	 alteration	 (CIA).	 CIA	meas-
ures	 changes	 in	 	major	 cation	 content	 in	 relation	 to	 im-
mobile	 alumina,	 instead	 of	 changes	 in	 the	 silica/alumina	
composition.	 This	 proxy	 was	 first	 proposed	 by	 Nesbitt	
&	Young	(1982)	and	introduced	in	loess	studies	by	Liu	et	
al.	 (1995).	 CIA	 is	 evaluated	 following	 the	 formula:	 CIA=	
(Al2O3/(Na2O+CaO+MgO+K2O))*100.	The	reason	to	use	this	
weathering	 index	 is	 the	high	concentration	of	K-feldspar	
found	in	the	mineralogical	assemblage,	according	to	Bug-
gle	et	al.	(2011)	and	the	lack	of	carbonates	(thus	the	CaO	
content	 is	 only	 associated	 to	 silicates).	A	 value	 near	 100	
represents	the	highest	degree	of	weathering,	while	values	
lower	than	50	correspond	to	fresh	sediments.	
3      Results
3.1  Morphology of the Oberlaab paleosol sequence




a	 well-developed	 profile	 with	 Ah-AE-E1-E2-EBt-EBtg-








underlying	Btg1	 is	also	 transitional,	 through	the	EBt	and	
EBtg	horizons	(45–100	cm).	Light	gray	tongues	of	compact-















deposit	 (190–390	 cm).	 This	 material	 constitutes	 a	 pedo-
sediment,	which	contains	a	mixture	of	sediments	and	re-
worked	soils.	
OL2.	 Eemian	 soil	 (depth	 390–670	 cm).	The	next	 strati-
graphic	 level	 corresponds	 to	 the	 Eemian	 soil	 (Figure	 1),	
and	contains	a	sequence	of	(E1)-(E2)-Btg1-Btg2-BCtg-BCg-
C	horizons.	Vertical	cracks	cross	the	first	200	cm	(390–590	




60	 cm	 (390–450	 cm),	we	 initially	 assumed	 that	 the	mate-
rial	corresponds	to	an	E	horizon,	which	is	divided	into	E1	
and	E2	with	a	silty	loam	texture.	However,	a	more	detailed	




occur	 as	 small	 subangular	 blocks	 breaking	 into	 granular	
aggregates,	with	 a	 tendency	 to	 form	a	weak	platy	 struc-
ture.	Moderate	amounts	of	2–3	mm-diameter	Fe/Mn-con-
cretions	were	detected,	 varying	 from	dark	brown	 to	 red.	
The	transitional	limit	to	the	underlying	Btg	horizon	(Btg1	




blocks.	Clay	 coatings	 are	 abundant.	 In	 the	upper	 surface	
of	 the	 platy	 aggregates,	 discontinuous	 dark	 brown	 clay	
coatings	are	present.	In	this	horizon	the	vertical	cracks	are	
covered	by	clay	and	silt	coatings	(the	latter	are	observable	




coatings	 are	 fewer	 and	more	 disperse.	The	BCtg	horizon	
(540–570	cm)	 is	paler	and	also	compact.	Here,	 fewer	clay	
coatings	 and	 Fe-Mn	 concretions	 are	 detectable.	 Vertical	





of	 color	 as	well	 as	 the	 intensity	 of	 gleyic	 characteristics	
throughout	the	horizon.	Grey,	horizontally	oriented	lens-
es	appear	in	the	first	15	cm.	The	matrix	of	the	next	30	cm	













rusty	 patches	 (1	 to	 1.4	 cm	 in	 diameter).	 Structure	 shows	
large	 subangular	 blocks	 and	 inside	 the	 block	 aggregates	
Fig. 2: Micromorphology of the study section:  
a. Coalescent excremental infillings in chambers in AE 
horizon of the modern soil. High resolution image (4600 
dpi) of scanned thin section.
b. Concentric iron nodule in G horizon of the modern 
soil, photomicrograph, plane polarized light (PPL). 
c. Bleached zones in the groundmass of BCg1 horizon in 
OL4. High resolution image (4600 dpi) of a scanned thin 
section. 
d. Same as 2c: Image analysis in false color.
e. Bleached zone (center) with sharp contact with the 
groundmass in OL3-BCg horizon. Fe nodules showing 
abrupt boundaries with the groundmass, photomicro-
graph (PPL).
f. Same as 2e, cross polarized light (XPL). 
g. Clay coatings around a void associated with a 
bleached zone in OL3-Btg1 horizon. The dark-yellowish 
color of the clay is related to the presence of iron and 
coarse silt fraction, photomicrograph (PPL). 
h. Same as g, XPL. Note the high interference color 
related to the presence of 2:1 clay structure. 
Abb. 2: Mikromorphologie des untersuchten Abschnitts:
a. Koagulierte Exkrementfüllungen in Hohlräumen 
im AE-Horizont des rezenten Bodens. Hochauflösende 
Darstellung (4600 dpi) von gescanntem Dünnschliff. 
b. Konzentrische Eisenkonkretion im G-Horizont des 
rezenten Bodens. Mikroskopaufnahme unter eben polar-
isiertem Licht (plane polarized light, PPL).
c. Gebleichte Zonierung in der Matrix des BCg1-Hori-
zonts von OL4. Hochauflösende Darstellung (4600 dpi) 
von gescanntem Dünnschliff. 
d. Wie 2c: Falschfarbenbildanalyse. 
e. Gebleichter Bereich (Zentrum) in scharfer Abgrenzung 
zur Matrix im BCg-Horizont von OL3. Mikroskopauf-
nahme (PPL). f. Wie 2e., gekreuzte Polarisatoren (cross 
polarized light, XPL).
g. Kugelförmige Struktur (roter Rahmen rechts) in OL4. 
Hochauflösende Darstellung (4600 dpi) von gescanntem 
Dünschliff. 
h. Tonüberzüge in einem Hohlraum in Verbindung mit 
einer Bleichzone in Btg1 in OL3. Die dunkelgelbe Farbe 
des Tons ist bedingt durch den Eisengehalt und der Korn-
größenfraktion Grobschluff. Mikroskopaufnahme (PPL). 
there	 is	 a	 tendency	 to	 form	a	 thin	platy	 structure.	Verti-
cal	cracks	are	frequent	and	filled	by	clay	pellets.	There	are	


















Fe-concretions.	 Some	 rounded	 rock	 fragments	 are	 found.	
The	BCg	horizon	(860–900	cm)	is	strongly	patchy.	Matrix	is	








OL5.	 Fourth	 paleosol	 sequence	 (1200–1520).	This	 low-
ermost	stratigraphic	level	is	clearly	a	pedocomplex,	com-
posed	 by	 Bg-G-2Bg-2BCg-3Ah-3EBg-3Bg-3Cg	 horizons	
(Figure	 1).	The	 upper	 Bg	 (1200–1250	 cm)	 is	 pale	 brown-





the	 structure	 is	better	developed	 than	 in	 the	Bg	horizon.	
Mn	segregations	are	common.	The	boundary	with	the	next	







and	gradual.	Rounded	rock	 fragments	are	present	 in	 this	
yellowish	brown	with	mottles	varying	from	gray	to	brown-
ish	gray	and	red.	The	structure	 is	 subangular	blocky	and	
platy.	Vertical	 cracks	 filled	 by	 grayish	material	 cross	 the	






filled	 by	 dark	 gray,	 stagnic	materials.	 In	 the	 central	 part	















very	 similar	 to	 BCg1	 but	 less	 patchy.	 BCtg1	 (1100–1140	
Fig. 2: Micromorphology of the study section:  
i. Deformed pedofetures. Deformed clay coat-
ings showing a “twisted” morphology and 
displacing the groundmass (red arrow) around 
blocky microstructure in Btg2 horizon of OL3, 
photomicrograph (PPL). 
j. same as 2j, (XPL). The red discontinuous 
lines show the “twisted” morphology with the 
displacing of the groundmass. Note the high 
interference color inside and outside of the 
blocky microstructure, related to a primary 
phase of clay illuviation (2:1 clay structure).
k. Orbiculic fabric (blue discontinuous line) 
in Bg2 horizon in OL4. High resolution image 
(4600 dpi) of scanned thin section.
l. Fragmented clay cutans possibly associated 
to bioturbation in Bg2 horizon of OB4. High 
resolution image (4600 dpi) of scanned thin 
section. 
Abb. 2: Mikromorphologie des untersuchten 
Abschnitts:
i. Wie h., gekreuzte Polarisatoren. Man 
beachte die hohen Interferenzfarben aufgrund 
der 2:1-Struktur der Tonminerale.
j. Fragmente illuvialer Tonüberzüge verdrän-
gen die Matrix im Btg2-Horizont von OL3. 
Mikroskopaufnahme, (PPL). 
k. Wie 2j., gekreuzte Polarisatoren. Auch hier 
ist die hohe Interferenzfarbe innerhalb des 
primär illuvial verlagerten Fragments zu 
beachten. Der rote Pfeil kennzeichnet teilweise 
in der Matrix assimilierte Toncutane. 
l. In der Bildmitte Fragmentierung von Ton-
cutanen in Bg2 (OB4), möglicherweise durch 
Bioturbation. Hochauflösende Darstellung 
(4600 dpi) von gescanntem Dünnschliff.










frequent.	 3Bg1	 (1450–1490	 cm)	 is	 yellowish	 brown	 with	
grayish	mottles.	 It	 is	 a	 silty	 clay	with	 a	 fragile	 structure	
composed	of	subangular	blocks.	Mn	segregations	and	fer-






3.2  Micromorphology 



















Redoximorphic	 pedofeatures.	These	 kinds	 of	 pedofea-













Fig. 3: Proportion of micropedofeatures in the Oberlaab sequence, according to the image analysis using the software Image Pro in high resolution image 
(4600 dpi) of scanned thin section.
Abb. 3: Quantifizierung von Mikrobodenmerkmalen, basierend auf der Bildanalyse mit der Software Image Pro, in hochauflösender Darstellung (4600 dpi) 
von gescanntem Dünnschliff. 





























Besides	 the	 micromorphological	 descriptions	 made	
for	 the	 thin	 sections	we	 analyzed	 the	bulk	mineral	 com-
Fig. 4: Selected analytical properties of 
the study sequence: Magnetic suscepti-
bility (χ E-6 m3/g); frequency depend-
ence of susceptibility (χfd%): grain size 
distribution (%).
Abb. 4: Ausgewählte Analyseergebnisse 
des untersuchten Abschnitts.









sedimentary	 layers.	This	 mineralogical	 assemblage	 coin-
cides	well	with	the	reports	from	other	loess-paleosols	se-
quences	of	Upper	Austria	(Terhorst	et	al.	2011).
3.3  Analytical properties
The	silt	fraction	in	the	modern	soil	ranges	from	33	to	67%.	
The	 surficial	 Ah	 horizon	 shows	 a	 high	 amount	 of	 sand	
(30%),	contrasting	to	that	obtained	in	the	rest	of	the	profile	



















































4      Discussion
4.1  Chronostratigraphy and correlation of the Oberlaab 
         profile
Although	no	 instrumental	absolute	dates	are	available	 in	













agreement	 with	 the	 pedostratigraphical	 schemes	 of	 the	
cover	layers	in	Wels-Aschet,	Neuhofen,	and	Oberlaab	and	
our	studies	can	clearly	be	positioned	in	the	regional	strati-
graphic	 context	 of	 the	 area.	This	 contradicts	 to	 the	 view	
of	 Preusser	&	 Fiebig	 (2009),	who	propose	 younger	 ages	



























are	 classified	 as	MIS	 10	 deposits	 and	 represent	 an	 inten-
sive	glacial	phase.	Therefore	paleosol	formation	could	cor-
respond	best	to	the	MIS	9	(c.f.	Lisiecki	&	Raymo	2005).	On	
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the	base	of	 the	pedostraphic	observations,	 the	next	 sedi-













contribution	 of	 SP	magnetic	 particles.	The	 second	 phase	
comprises	 the	 horizons	 BCgt1	 and	 BCg2,	 which	 tend	 to	
have	similar	characteristics	although	CIA	values	are	higher	
in	BCtg1,	a	fact	which	is	related	to	a	higher	amount	of	clay.	
The	 third	phase	 corresponds	 to	 the	 formation	of	 the	up-
per	horizons	Bg1-Bg2-BCg1-	BCg2.	These	results	are	not	in	
good	agreement	with	those	obtained	by	Terhorst	(2007),	








On	 the	 other	 hand,	 OL3	 is	 another	 pedocomplex.	 Re-























tern	 in	 the	 δ18O-record	with	warm	 intervals	 alternating	
with	cold	episodes.	Earlier	Bronger	et	al.	(1998)	supposed	






























According	 to	 the	 proposed	 pedostratigraphy,	 Figure	 5	
shows	the	correlation	of	the	study	section	with	the	Marine	
Isotope	Curve	(acc.	to	Lisiecki	&	Raymo	2005).	
4.2  Pedogenic trends in Oberlaab induced by climate 
         change or/and geomorphic processes





Fig. 5: Correlation of paleosols in Oberlaab with the Marine Isotope Curve.
Abb. 5: Korrelation von Paläoböden in Oberlaab mit der marinen Isoto-
penkurve.
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